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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of a ceramic substrate of having outer layer circuits, such 

as a conductor pattern and a resistor, on a front face. 

[0002] 

[Description of the Prior Art] A ceramic substrate has a mechanical strength and strong insulation resistance, and has the 
outstanding property peculiar to ceramics strong also against environment, such as temperature and humidity. The ceramic 
substrate is conventionally used as a substrate for mounting electronic parts using this property. And for example, there is a thing 
in which outer layer circuits, such as a conductor pattern, a resistor, and a capacitor, were formed on the front face of the 
above-mentioned ceramic subsfrate. 

[0003] In case the above-mentioned ceramic substrate is manufactured, at the time of baking of the green sheet for ceramic 
substrate formation, a green sheet contracts in the length, width, and thickness three directions, and length and width are 
respectively accompanied by about 0.3 - 0.5% of size error. This size error generates the problem that the formation position of 
the outer layer circuit formed in the ceramic substrate shifts. 

[0004] Then, the applicant applied to the upper and lower sides of a green sheet previously about the method of laying a 
non-sintered sheet, sticking these by pressure, considering as a sticking-by-pressure object, calcinating this sticking-by-pressure 
object, and removing a non-sintered sheet after that, on the occasion of the above-mentioned baking, in order to make this 
contraction regularity (Japanese Patent Application No, No. 223 1 90 [ four to ]). 

[0005] The above-mentioned ceramic substrate makes the green sheet which is for example, low-temperature baking substrate 
material sinter. Moreover, a non-sintered sheet consists of alumina material and is not sintered at the sintering temperature of the 
above-mentioned green sheet. Since a green sheet is calcinated in the state where it was restrained with the non-sintered sheet 
from the upper and lower sides according to this method, the size error accompanying contraction becomes 0. 1% or less, 
[0006] 

[Problem(s) to be Solved] However, after removing a non-sintered sheet, as shown in drawing 5 , the remains particle 60,60 1 of a 
non- sintered sheet will adhere to the front face of the ceramic substrate 9. The remains particle 60 which has not been bum on the 
ceramic substrate 9 among this remains particle is removable with ultrasonic cleaning. 

[0007] On the other hand, the remains particle 601 in contact with the ceramic substrate 9 is bum on the ceramic substrate 9, and 
cannot be removed by the ultrasonic-cleaning grade. Therefore, as shown in drawing 6 , the remains particle 601 of the bum 
non-sintered sheet will exist in the front face of the ceramic substrate 9 unevenly. 

[0008] As shown in drawing 7 , in forming the outer layer circuits 5 1 , such as a conductor and a resistor, in the front face of the 
ceramic substrate 9, the following problems arise in this state. That is, when the material prepared according to composition of 
the ceramic substrate 9 is used for the outer layer circuit 51 for example, mutual movement of the glass between the ceramic 
substrates 9 is barred by the above-mentioned remains particle 601, and the junction stabihty of the outer layer circuit 51 and the 
ceramic substrate 9 falls. Moreover, when the outer layer circuit 51 is a resistor, the stability of resistance gets worse. 
[0009] Then, although it is possible to form conversely using the material which prepared the outer layer circuit 5 1 according to 
the non-sintered sheet, the remains particle 601 is only bum on the front face of the ceramic substrate 9. Therefore, the outer layer 
circuit 5 1 does not suit the coefficient of thermal expansion of the ceramic substrate 9, but is inferior in a bond strength. 
Moreover, when the outer layer circuit 51 is a resistor, a crack may occur. 

[0010] Moreover, as shown in drawing 8 , in the above-mentioned sticking-by-pressure object 8, air may enter between a green 
sheet 7 and the non-sintered sheet 6, and a pore 3 may occur. If the above-mentioned sticking-by-pressure object 8 is calcinated in 
this state and the non-sintered sheet 6 is removed, the remains particle 60,601 of a non-sintered sheet will not have adhered only 
to a portion with the pore 3 in the front face of the ceramic substrate 9. 

[001 1] Therefore, the surface state of a ceramic substrate becomes uneven, dispersion in the bond strength of the outer layer 
circuit 5 1 and dispersion of resistance are large, and a bfrd clapper is expected. In view of this trouble, this invention is excellent 
in the bond strength of a ceramic substrate and an outer layer circuit, and junction stability, and tends to offer the manufacture 
method of the ceramic substrate which a crack does not generate in an outer layer circuit. 
[0012] 

[Means for Solving the Problem] The 1st process for which the green sheet for this invention forming a ceramic substrate and the 
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non-sintered sheet which is not sintered at the sintering temperature of this green sheet are prepared. The 2nd process which 
acquires a sticking-by-pressure object by laying the above-mentioned non- sintered sheet in the upper and lower sides of the 
above-mentioned green sheet, and being stuck to them by pressure, The 3rd process which calcinates the above-mentioned 
sticking-by-pressure object at the sintering temperature of the above-mentioned green sheet, and acquires a baking object. The 
4th process which exfoliates the above-mentioned non-sintered sheet from the above-mentioned baking object, and the 5th 
process which grinds the front face of the above-mentioned ceramic substrate, and removes the remains particle of a non- sintered 
sheet after exfoliating the above-mentioned non- sintered sheet. It is in the manufacture method of the ceramic substrate 
characterized by the bird clapper from the 6th process which forms an outer layer circuit in the front face of the above-mentioned 
ceramic substrate. 

[0013] What should be most observed in this invention is grinding the front face of a ceramic substrate in the 5th process. 
Mechanical means or a chemical means can perform the above-mentioned polish. The above-mentioned mechanical means have a 
wet method and dry process, and have various methods, such as a buff, a barrel, sandblasting, a sanding-machine belt, and a lap. 
[0014] There are a barrel, a lap, a buff, etc. as the above-mentioned wet method. A barrel (Bolton) is the method of putting in a 
ceramic substrate in barrel tanks into which it went, such as an alumina sphere and water, making rotate a barrel tank slowly 
around the shaft, and grinding the front face of a ceramic substrate. 

[001 5] A lap is the method of grinding the front face of a ceramic substrate by making it rotate, wetting with water the metal disk 
with which the abrasive grain was formed in the front face, and forcing a ceramic substrate on it. A buff is the method of grinding 
a ceramic substrate by rotating the cylinder with which the brush, the abrasive grain, etc. were given to the front face, and 
contacting a ceramic substrate to cylindrical 

[0016] There are sandblasting, a sanding-machine belt, etc. as a dry process. Sandblasting is the method of grinding the front face 
of a ceramic substrate by spraying particles, such as an alumina, on a ceramic substrate. A sanding-machine belt is the method of 
grinding the front face of a ceramic substrate by rotating a belt-like sandpaper with a roller and contacting a ceramic substrate on 
the front face. 

[0017] Moreover, as the above-mentioned chemical means, the method of contacting alkali solutions, such as a hydrofluoric acid 
or a sodium-hydroxide solution, is shown in the front face of a ceramic substrate. Moreover, after grinding the front face of the 
above-mentioned ceramic substrate, it is desirable to heat a ceramic substrate below at the sintering temperature of a green sheet. 
Thereby, the particle of these ceramics that remain to a ceramic substrate welds and unites with a ceramic substrate. Moreover, 
the detailed crack produced at the time of polish disappears. Moreover, when the mechanical means by the above-mentioned wet 
method are used, the impurity contained in water by the above-mentioned heating disperses from the front face of a ceramic 
substrate. Thereby, the welding intensity and the resistance of an outer layer circuit are stable. 

[0018] As for the surface roughness of the ceramic substrate after polish, it is desirable that it is below ImicroRa. When 
exceeding ImicroRa, the front face after polish is coarse, and in forming an outer layer circuit on it, there is a possibility that 
printing resolution may fall. As for the coefficient of thermal expansion of the above-mentioned outer layer circuit, it is desirable 
to make it approximate with the coefficient of thermal expansion of a ceramic substrate. Thereby, expansion with the outer layer 
circuit and ceramic substrate by baking and the difference of contraction are aknost lost, and generating of a crack can be 
prevented. 

[0019] As for the green sheet for the above-mentioned ceramic substrate formation, it is desirable to use the low-temperature 
baking substrate material sintered at the temperature of 1 000 degrees C or less. At the sintering temperature of the 
above-mentioned ceramic substrate, the above-mentioned non-sintered sheet is not sintered and an alumina, a zirconia, etc. are 
used for it. When two or more sheet laminating of the above-mentioned green sheet is carried out and it is calcinated, the 
multilayer object of a ceramic substrate can be formed. Moreover, a inner layer circuit can be formed in the interior of a multilayer 
object. 
[0020] 

[Function and Effect] In this invention, the front face of a ceramic substrate is ground in the 5th process after exfoliating a 
non-sintered sheet from a sintered compact. Therefore, the remains particle of the non-sintered sheet adhering to the front face of 
a ceramic substrate is completely removable. Moreover, the remains particle bum on the front face is also removable. 
[0021] So, when an outer layer circuit is applied and printed on the front face of the above-mentioned ceramic substrate, any 
foreign matter cannot be found between a ceramic substrate and an outer layer circuit, and the glass component of a ceramic 
substrate surfaces to an outer layer circuit smoothly. Therefore, an outer layer circuit can be stuck on the front face of a ceramic 
substrate, and the junction stability of an outer layer circuit improves. 

[0022] Moreover, when a pore is formed between a ceramic substrate and a non-sintered sheet, while the above-mentioned 
remains particle which remained into portions other than a pore is removed, the hollow produced by the pore also disappears by 
polish. Therefore, the front face of a ceramic substrate can be finished evenly and unifonnly. 

[0023] Therefore, the outer layer circuit excellent in the bonding strength of a ceramic substrate and an outer layer circuit can be 

formed. Like the above, according to this invention, it excels in the bond strength of a ceramic substrate and an outer layer circuit, 

and junction stability, and the manufacture method of the ceramic substrate which a crack does not generate in an outer layer 

circuit can be offered. 

[0024] 

[Example] 

It explains about the example concerning example 1 this invention using drawing 1 - drawing 4 . This example is the manufacture 


9/11/02 10:49 AIVI 


http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 


method of a multilayer ceramic substrate of having outer layer circuits, such as a conductor and a resistor, on a front face. As 
shown in drawing 1 , the multilayer ceramic substrate 84 obtained by the method of this example consists of ceramic substrates 
91-99 which carried out laminating sintering, and the outer layer circuit 51 is formed in the outermost layer of drum. 
[0025] The inner layer circuit 59 is formed between each above-mentioned ceramic substrate, moreover, each ceramic substrates 
91-99 ~ a beer hall ~ it has the beer hall 90 filled up with the conductor Moreover, the coefficients of thermal expansion of the 
ceramic substrates 91-99 are 5.5xlO-6/K. The coefficients of thermal expansion of a resistor are 6.0x1 0-6/K. 
[0026] Next, the manufacture method of the ceramic substrate of this example is explained. First, in the 1st process, the green 
sheet for ceramic substrate 91 formation which can be sintered at 800 degrees C - 1000 degrees C is prepared. A green sheet 
mixes ceramic powder, a binder, and a solvent, and is obtained by making it the shape of a sheet by the doctor blade method. The 
thickness of a green sheet is 0.3mm. As the above-mentioned ceramic powder, it is CaO-aluminum2 03 - Si02 - B-2 03. It is the 
mixture which consists of 60 % of the weight of system glass, and aluminum2 03 40 (alumina) % of the weight. 
[0027] Moreover, a non-sintered sheet with a thickness of 0.3mm is prepared. The alumina sintered above 1000 degrees C is 
used for this non-sintered sheet, next, it is shown in drawing 2 ~ as - metal mold ~ using - the above-mentioned green sheets 
7 1 -79 - a beer hall 90 - puncturing - screen-stencil -- the inside of a beer hall 90 - Ag system it is filled up with a conductor 
moreover, the front face of green sheets 7 1 -79 ~ Ag system ~ the inner layer circuit 59 which consists of a conductor is formed 
[0028] Next, in the 2nd process, the laminating of tfie above-mentioned green sheets 71-79 is carried out to the order of a lower 
shell, and the above-mentioned non-sintered sheets 61 and 69 which are not sintered are laid in the upper and lower sides at the 
sintering temperature of this green sheet. Next, the sticking-by-pressure object 81 is acquired for these the temperature of 100 
degrees C, pressure 50 kg/cm2, and by being stuck by pressure for 20 seconds. 

[0029] Next, as shown in drawing 3 , in the 3rd process, the above-mentioned sticking-by-pressure object is calcinated for 20 
minutes at 900 degrees C of maximum temperatures. The baking object 82 which consists of ceramic substrates 91-99 which the 
above-mentioned green sheet sintered, and non-sintered sheets 61 and 69 by this is acquired. Next, as shown in drawing 4 , in the 
4th process, the above-mentioned non-sintered sheets 61 and 69 are exfoliated from the above-mentioned baking object 82. 
[0030] Then, in the 5th process, the outermost layer of drum of the above-mentioned ceramic substrates 91-99 is ground, the 
remains particle of a non-sintered sheet is removed, and it heat-treats in air. The temperature of heat-treatment is more than the 
softening temperature of the glass in a ceramic substrate, and below the above-mentioned burning temperature. Then, in the 6th 
process, the outer layer circuits 5 1 , such as a conductor and a resistor, are formed in the outermost layer of drum of the ceramic 
substrates 91-99. The multilayer ceramic substrate 84 which consists of ceramic substrates 91-99 shown in drawing 1 by this is 
obtained. 

[003 1] Next, the operation effect of this example is explained. In this example, after exfoliating the non-sintered sheets 61 and 69 
from the baking object 82, the front face of the ceramic substrates 91 and 99 is ground. Therefore, the remains particle which 
could remove completely the remains particle of the non-sintered sheets 61 and 69 adhering to the front face of a ceramic 
substrate, and was bum on the front face is also completely removable. 

[0032] So, there is no foreign matter between the outer layer circuits 5 1 formed in the front face of the above-mentioned ceramic 
substrates 91 and 99 and these ceramic substrates 91 and 99, and the glass component of a ceramic substrate surfaces to an outer 
layer circuit smoothly. Therefore, the outer layer circuit 5 1 can be stuck on the front face of the ceramic substrates 9 1 and 99, and 
the junction stability of an outer layer circuit improves. 

[0033] Moreover, when a pore is formed between the ceramic substrates 5 1 and 59 and the non-sintered sheets 61 and 69, while 
the above-mentioned remains particle formed in portions other than a pore is removed, the hollow produced by the pore also 
disappears by polish. Therefore, the front face of a ceramic substrate can be finished evenly and uniformly. Moreover, since it 
approximates with the coefficient of thermal expansion of the ceramic substrates 91-99 when the outer layer circuit 51 is a 
resistor, there is no generating of a crack in the outer layer circuit 51. Therefore, a reliable resistor can be formed. 
[0034] In the example of two examples, as shown in Table 1, the front face of a ceramic substrate was ground by various 
methods. A buff, sandblasting, a lap, one mechanical means of the hydrofluoric acids, or the chemical means performed the 
above-mentioned polish, 

[0035] In the bufif, the brush with which the abrasive grain of a silicon carbide (SiC) or an alumina (aluminum 203) was given to 
the front face was rotated on condition that 1500 revolutions per minute, and the method of grinding a ceramic substrate was used. 
It was made to rotate, soaking in a lap the metal disk with which the abrasive grain of a diamond was formed in the front face with 
water, and the method of grinding the front face of a ceramic substrate under the conditions of 1 80 revolutions per minute was 
used. 

[0036] By sandblasting, it is an alumina particle on a ceramic substrate 2 kg/cm2 The method of grinding was used by spraying 
by the pressure. Moreover, with the above-mentioned chemical means, the method of contacting a hydrofluoric-acid solution 
under 25-degree C conditions 3% was used for the front face of a ceramic substrate. 

[0037] Moreover, various outer layer circuits were formed in the front face of the ceramic substrate after polish, as this outer layer 
circuit - Ag system ~ a conductor, a resistor, and Cu - the conductor was used Ag system ~ in the conductor and the resistor, 
after printing on the front face of a ceramic substrate, 900 degrees C was heated in air on the other hand - Cu - in the conductor, 
750 degrees C was heated in nitrogen after printing Thus, as various kinds of obtained ceramic substrates were shovm in Table 1, 
it considered as samples 1-8. 

[0038] Moreover, for comparison, the ceramic substrate (samples C1-C4) was produced by the method of differing from an 
example 1 in that it explains below, and measurement was presented. That is, the sample CI did not perform polish processing 
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and heat-treatment, not using a non-sintered sheet. The sample C2 did not perform polish processing and heat-treatment. The 
surface roughness of the ceramic substrate after polish of a sample C3 is 1 .OmicroRa. The sample C4 did not heat-treat. 
[0039] and -- samples 1-8, and C1-C4 - a conductor ~ it measured about the bond strength, the resistor pewter drift, and the 
substrate dimensional accuracy a conductor -- the bond strength showed the bond strength of a ceramic substrate and an outer 
layer circuit, soldered the width-of-face 0.6mmSn plating Cu line to 2mm angle pattern, and measured it by the method of pulling 
an outer layer circuit 

[0040] A resistor pewter drift shows the rate of change of the resistance of the resistor of the order at the time of a ceramic 
substrate being immersed into a 230-degree C pewter. A substrate dimensional accuracy shows the variation in the distance 
between two on the ceramic substrate after baking (%). Each above-mentioned measurement produced and evaluated the 20 
ceramic circuit boards respectively. 

[0041] Although the substrate dimensional accuracy was 0.1% or less when a non-sintered sheet was used (samples 1-8, C2-C4) 
as known in Table 1, it was 0.3% when a non-sintered sheet was not used (sample CI), moreover, a conductor - a bond strength 
- samples 1-8 and a sample CI -- 0.5kg/mm2 the above it is -- the other samples C2 and C4 0.3kg/mm2 It was the 
following. Moreover, by the sample C3, when printing an outer layer circuit, bleeding arose. Moreover, as for the resistor pewter 
drift, the good result was obtained except for the sample C2. 

[0042] Thus, samples 1-8 showed the result good about all of the above-mentioned parameter, on the other hand - the example 
C2 of comparison a conductor - a bond strength - a low since the remains particle of a non-sintered sheet (alumina) has fixed 
this on the substrate front face - the glass component by the side of a substrate ~ Ag system ~ it is thought that it is because it 
does not rise to surface between the particles of a conductor the thing with the large value of the pewter drift of the resistor in the 
example C2 of comparison ~ the above-mentioned Ag system — it is based on the same reason as the case of a conductor In 
addition, such a problem is not generated by the samples 1-8 which ground the front face. 

[0043] The example C3 of comparison has large bleeding at the time of printing. This is because the ground front face is too 
coarse, the example C4 of comparison - a conductor - a bond strength - a low This is considered to be for the remains particle 
at the time of polish to cause a reduction operation by nitrogen atmosphere baking of Cu, Moreover, since it did not heat-treat 
after polish, it is thought that the remains particle of the ground ceramic is because it is not uniting with a ceramic substrate. 
[0044] 

[Table 1] 
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[Translation done.] 
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